In the fall of 1973 the United States experienced an unexpected " energy crisis." T o deal with the crisis, various steps were taken to help the nation conserve its petroleum resources. One such step was a federal requirement that all states set and enforce a maximum speed limit of 55 mph or have federal aid highway funds withheld. Not since W orld W ar II had there been a gasoline shortage and an attempt to conserve gasoline by regulating vehicle speeds.
IN T R O D U C T I O N
In the fall of 1973 the United States experienced an unexpected " energy crisis." T o deal with the crisis, various steps were taken to help the nation conserve its petroleum resources. One such step was a federal requirement that all states set and enforce a maximum speed limit of 55 mph or have federal aid highway funds withheld. Not since W orld W ar II had there been a gasoline shortage and an attempt to conserve gasoline by regulating vehicle speeds.
During the period from late 1973 until state legislatures could pass legislation for the 55 mph speed limit, Indiana and other states operated under a strongly encouraged voluntary maximum speed limit of 55 mph. The federal requirements that a maximum speed limit of 55 mph be posted on all highways became mandatory in Indiana on March 1, 1974. About 25 years ago, the Joint Highway Research Project (J H R P ) began making annual studies of free-flowing traffic on rural state high ways. These data were used for trend determination of speeds for design purposes as well as by F H W A in their annual speed trends studies of traffic in this country. More recently, J H R P has been making quar terly speed studies for the required state evaluation of compliance with the 55 mph speed limit as required by 1975 federal legislation.
reducing the number of high-speed vehicles on freeways, the resulting more uniform speeds contribute to improved capacity and safety. 7 The effectiveness of a speed limit on a facility, however, depends on the degree of enforcement and public support.2,3 The public will support and obey speed limits that are safe and reasonable; however, speed limits that are illogically restrictive cannot be enforced except by tremendous effort and expense, and then usually not for long. 2 It is the responsibility of traffic engineers to establish speed limits by careful investigation and evaluation. The most common method of establishing speed limits is to use the 85th percentile of the observed speeds as an approximation of the desirable speed limit. 10, 14 The speed a driver chooses is dependent upon his or her desires and environment; therefore, speed control is difficult because of varia tions in the driving attitude of individuals.2, 7 That attitude which in fluences the observance of posted speed limits is influenced by the toler ance permitted and the degree of enforcement by the police agencies.2
Many factors do or do not affect speed characteristics and have been evaluated by numerous researchers. Some of these are noted in the following list:
1. The concealment of the observation vehicle affects the speed recorded. 18 2. The percentage of heavy trucks does not affect the speed of freeflowing traffic.6
3. The spot speeds of out-of-state drivers are frequently higher than those of in-state drivers. 16 4. It is important to evaluate the standard deviation of spot speeds during periods of low traffic flow in order to approach the maxi mum standard deviation.15 5. Horizontal alignment is the principal geometric feature affecting spot speeds. 16 6. It is critical for free flow speeds that volumes not be too high, since in traffic with increased volumes drivers are forced to adopt the speeds of slower vehicles due to congestion.17
7. Higher priced, heavy vehicles are driven slightly faster than lower priced, light vehicles.16
8. Various weekdays during daylight hours have no significant difference in spot speeds.10,12
There are three major elements in traffic: the driver, the vehicle, and the roadway. Transportation engineers have been primarily con cerned with the roadway. Although the direct causal relationship may be low, the roadway undoubtedly influences the accident rate because the highway can require mental and physical responses above and beyond the abilities of the driver. 13 One of the responsibilities of the engineer is to determine what changes in the roadway will make travel safer for the public.
The uniformity of vehicle operating speeds appears to have a more important effect on accidents than the absolute vehicle speed. W ith uni formly flowing traffic, there are fewer conflicts between vehicles.
Accident rates are related to the design of highways and their re spective average daily traffic volumes. Freeways, because of their greater degree of access control, use of medians, and adequate setback distances for side interference, have lower accident rates than other highways. Accident rates increase with increasing volumes until con gestion slows considerably the flow of traffic.17 In studying accident rates, a three-year period has been found to be the optimum time span.11
It must also be remembered that calculated accident rates are based on the number of reported accidents. An Illinois study found that 75 percent of all highway accidents are not reported; therefore, a highway may have a greater incidence of accidents than the accident rate indi cates. It often appears that the public is more concerned with reducing delays and interference than with reducing accident rates.9
PU R PO SE O F P U R D U E R E SE A R C H
The objectives of this research project were:
1. T o determine the speed of free-flowing traffic on various classes of rural arterial highways under the mandatory 55 mph speed lim it; 2. T o determine changes in passenger vehicle and heavy truck speeds under the 55 mph speed limit on rural highways and to determine the effectiveness of the 55 mph limit; heavy (over 5000 pounds) truck speeds. For each type of highway and class of vehicle, comparisons were made of the following: average speed, standard deviation, 85th percentile, percent of vehicles exceeding the posted limit, percent of vehicles exceeding the posted limit by more than 5 mph, and percent of vehicles exceeding 65 mph. In addition, the percentage of traffic volume for each year, each class of vehicle, and each type of highway was determined for each 5 mph speed range. Figure 2. ) For a section to be acceptable, it had to meet certain criteria. The purpose of the criteria was to minimize the chance varia tions in accident rates due to factors other than volume change. These criteria included:
1. Homogeneous cross section.
Outside metropolitan areas.
3. N o major change in land use along the section during the study period.
4. N o alteration of roadway (other than regular maintenance) during the study period.
5. Previous speed limit was 65 mph for all highways except 70 mph for rural interstate highways.
Sections were accepted or rejected based on data made available by the Indiana State Highway Commission. The exact length of each section was gathered at the same office. The Indiana State Police made available the standard accident report forms from which accident data for the first six months of 1971, 1972, 1973, and 1974 were obtained.
For each section, accident rates for the first six months of each year were calculated using volume data, section length, and accident counts. W hile accident counts were tallied into four categories-property dam age, personal injury, fatal, and total accidents-no attempt was made to confirm the final outcome of an accident, such as an injured person later dying. T o assure complete data, the intersections on each road section were checked to see if accidents had been inadvertently indexed to the crossroad.
The accident rates for the first six months of 1974 (after 55 mph) were compared by category to the first six months of 1971-1973 (be fore 55 mph). The first six-month period of 1974 was used because accidents reports would have had sufficient time to be processed and filed. T o minimize changes in accident rates due to seasonal variations, only the first six months of 1971, 1972, and 1973 were used in the comparison.
D A T A F O R G A S O L IN E C O N S U M P T IO N E S T IM A T IO N
An evaluation was made of the gasoline savings that were realized in the first six months of 1974 by a change in speeds and volumes from the same period in the previous year. The amount of vehicular travel in Indiana was obtained from a 1972 statistical compilation by the Department of Transportation, Federal Highway Administration. Again, permanent counting station data were used to convert the quantity of travel in 1972 to the relative quantities in the two study periods. The average speed of passenger vehicles on rural Indiana highways was determined for 1973 and 1974 from the speed study. Using data compiled by Claffey in 1969, the rate of gasoline consump tion of an " average American car" was estimated at the observed speeds.5 The average gasoline consumption rate divided into the number of vehicle miles driven approximated the quantity of gasoline used in that period.
SPEED S T U D Y A N A L Y S IS
For passenger vehicles with the speed limit at 55 mph on rural interstate highways, the average speeds in 1974 decreased from 1973 about 11 mph, on other rural four-lane highways around 6 mph, and on rural two-lane highways about 5 mph. (See Table 1 .) During 1973 the speed limit on interstate facilities was 70 mph while it was 65 mph on all other roads. Table 2 .) The 85th percentile for heavy trucks decreased in 1974 on interstates about 7 mph, on other four-lane highways nearly 5 mph, and on two-lane highways about 3 mph from 1973. It should be noted that the 85th percentile differences are greater than the average speed differences for the vehicles on the several facilities. Table 3 shows the 10 mph range (with vehicles classified only in 5 mph groups) which had the greatest percentage of vehicles. Passenger vehicles in 1974 on interstates dropped from the 65-74 mph range in 1973 to the 55-64 mph range, and also increased the percentage of vehicles in that range by nearly 9 percent. Other four-lane highways dropped from the 60-69 mph range to the 55-64 mph range with about 9 percent more vehicles. Two-lane highways fell from the 60-69 mph range to the 50-59 mph range and increased the percentage of vehicles in that range by almost 11 percent. This increase in the percentage of vehicles in the highest 10 mph range is considered by many authorities to be as important for safety as a decrease in speed. This change under the 55 mph limit was con siderable and is illustrated for all highways for all passenger cars in Figure 3 and for all trucks in Figure 4 . The much narrower fre quency curve for each class of vehicle emphasizes that under the 55 mph limit more vehicles are travelling at approximately the same speed. Table 4 shows the percentage of vehicles that exceeded the posted speed limit on rural highways. In 1974 the percentage of passenger vehicles exceeding the speed limit (55 mph) increased from 1973 (70 and 65 mph) almost 30 percent on interstate highways, nearly 22 percent on other four-lane highways, and around 25 percent on two-lane highways. In 1974 the percentage of heavy trucks exceeding the speed limit increased from 1973 slightly over 60 percent on interstates, more than 33 percent on other four-lane highways, and close to 40 percent on two-lane highways. W hile the heavy trucks showed an increase in violations compared to passenger vehicles, the percentage of passenger vehicles in 1974 exceeding the speed limit was greater than trucks on each type of facility. Table 5 shows the percentage of vehicles that exceeded the speed limit by more than 5 mph. In 1974 the percentage of passenger vehicles showed an increase from 1973 of nearly 17 percent on rural interstates, almost 10 percent on other four-lane rural highways, and a little over 12 percent on rural two-lane highways. The percentage of heavy trucks showed an increase from 1973 of nearly 12 percent on interstates, more than 10 percent on other four-lanes, and about 11 percent on two-lanes in 1974. Although the increased violation percentages for passenger cars and trucks on each highway were similar, the actual percentages of passenger cars and of trucks exceeding the speed limit by more than 5 mph were not. In fact, the percentages of passenger vehicles exceeding speed limit by 5 mph or more were about double that of heavy trucks. Table 6 shows
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and slightly more than 6 percent on two-lane highways. Using a level of confidence of 0.95 for the A N O V A , the passenger vehicle speeds on interstates, other four-lanes, two-lanes, and overall did experience a significant change in 1974 over the three previous years. Heavy truck speeds on interstates, other four-lanes, and overall also were significantly different, but no significant change was found for heavy trucks on two-lane highways.
T A B L E 6 P E R C E N T A G E O F V E H IC L E S E X C E E D IN
Summary of Speed Observations
The overall average rural free-flow speed of passenger cars on all types of facilities decreased 7.4 mph to 57.8 mph in 1974 from 1973. Similarly, heavy truck (over 5000 pounds) speeds fell 3.6 mph to 55.2 mph in 1974 from 1973. (See Table 1 .) The greatest reduction in rural speeds occurred on interstate highways. There was a tendency for average speeds in 1974, besides being lower, to be less variable than in 1973. The average rural speeds for passenger vehicles and heavy trucks showed a statistically significant change in 1974 except for trucks on two-lane highways. The average speed of heavy trucks on two-lane highways did not significantly change, possibly because the geometric design and not the speed limit controlled their speed.
Additional Studies
The speeds reported to this point in this paper for 1974 were taken in M ay 1974 with the 55 mph mandatory. As noted earlier the 55 mph limit was only voluntary to March 1, 1974 . Because of interest in the relationship between actual speeds under voluntary and mandatory speed limits, a speed study was made at the same 12 stations prior to March 1, 1974 . A comparison of the average speeds on the three classes of roads is given in Table 7 for cars and heavy trucks. Table  8 gives the 85th percentile speeds for passenger cars under the three speed limit conditions.
In general, the reduction in average speeds under the voluntary 55 mph was about one-half that under the mandatory 55 mph. This was true for both cars and trucks. Perhaps more important, however, is the fact that the 85th percentile speed of passenger cars (and also trucks although not shown) decreased only about one-third as much under the voluntary 55 mph as under the mandatory. This indicates that the de creased variability of speeds obtained with the mandatory 55 mph, and probably an important factor in the decreased fatality rate, was not nearly as pronounced under the voluntary 55 mph.
Since 1974 additional speed studies have been made quarterly. An indication of the increase in average speeds which many feel has occurred is given by a comparison of the several results as shown in Table 9 . Average speeds remained at approximately the same value through M ay 1975 for both cars and trucks. Observation indicated, however, that during the summer of 1975, speeds were faster, especially on inter state facilities, perhaps as the conviction of the public lessened as to the importance of fuel conservation.
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During the fall of 1975, a strong enforcement campaign was initiated in Indiana and was well publicized. More important, however, many state police engaged in enforcement of the 55 mph limit actually appeared on interstate highways. The results were apparent by Novem Average Speeds (mph) ber 1975 when the average speeds were clearly reduced, but primarily only on the interstate system-where enforcement was most apparent.
Since November 1975, average speeds have remained approximately the same, as enforcement has continued. One unusual result, however, does appear. The result that average speeds are less or little more on the interstate system than on two-lane roads is not consistent with the higher design and operation standards and the lower accident rates on interstate facilities. The difference in speeds should be greater; perhaps speeds should be less on two-lane roads-or higher on the interstate system-or a combination of both. Certainly the design, operating, and accident conditions on interstate highways warrant higher speeds on these facilities than on two-lane rural roads. 
T A B L E 9 A V E R A G E SPEED V A R I A T IO N SIN CE IM P L E M E N T A T I O N O F T H E 55 M P H L I M I T
V O L U M E D A T A A N A L Y S IS
Seventeen permanent counting stations throughout the state pro vided the monthly average daily traffic volumes for the first half of the years 1971-1974. These average daily volumes of traffic at these count stations are shown in Figure 5 . The average daily traffic volumes for the first half of 1971, 1972, and 1973 increased about 500 vehicles per day each year. But in the first half of 1974, instead of growing to an average daily volume of about 6900, the average was only 5989 vehicles per day, a drop of over 13 percent. The average volume decreased by 6.5 percent in 1974 from 1973. People did travel less during the early months of the 55 mph limit than in the previous year. They apparently agreed that conservation of fuel was desirable. 
A C C I D E N T A N A L Y S IS
Each of the 125 sample highway sections had sixteen accident rates calculated-accident rates for the first half of each of the four years for each of four types of accidents-property, personal injury, fatal, and total. Accident rates were expressed as accidents per hundred million vehicle miles.
The rates for each type of accident were lowest on interstates with accident rates on two-lane highways nearly four times at great. Other four-lane highways experienced accident rates about twice as great as those on interstate highways.
An analysis of variance using orthogonal contrasts was used to test whether the rate change, average 1971-73 (before 55) versus 1974 (after 55), was significant for each class of highway and each type of accident. A summary of A N O V A significance findings is shown in Table 10 .
There was a decrease in the accident rates in the first half of 1974 from the average accident rates of the same period in the three previous years. The percentage decreases of each type of accident on each class of highway are given in Table 11. As noted by Table 10 , however, the decrease in rates was not always statistically significant. W hile a 50 percent decrease, as seen in interstate fatality rates, would seem signifi cant, the data were not sufficient to permit the apparent change to be found significant. From the data in Table 11 , it is clear that fatality rates were reduced the greatest, injury rates to a lesser degree, and property damage rates the least. A ll Highways 13 32 67
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centage of accident rate reduction than two-lane highways, perhaps because of the heavier traffic volumes and greater development with in creased roadside conflicts without the benefits of access control typically associated with such highways.
It should be noted that the accident reductions that were experienced occurred under several changed conditions. This study found speeds to be reduced, speeds to be more uniform, and traffic volumes to be less. A ll three are recognized as important factors in accidents. There, of course, may be other factors which have not been evaluated but which are important to reductions in accidents. One recent study estimated that reduced and more uniform speeds accounted for 11 percent of the reduction of fatalities, reduced travel accounted for 5 percent, and other effects accounted for 7 percent.8
Some of the reduction in fatalities and accidents was undoubtedly due to the reduction in speeds resulting from the lower speed limit. The lower speeds of vehicles on highways, especially on older roads not designed for high speeds, placed less demand on drivers for safe handling of their vehicles and provided drivers with greater oppor tunities to react safely in emergency situations. The more uniform speed resulted in less accidents because there was less internal friction; for example, the hazards of passing maneuvers were reduced.
It is also clear that reduced travel accounted for some of the re duction of accidents. Although accident rates take into consideration the vehicle miles of travel, the assumption is made that all drivers are exposed to the same degree of hazard. It can easily be understood, how ever, that a driver on a higher volume road has a higher probability of collision than if on a road of lower volume because of greater oppor tunity for vehicular conflict.
There are other effects that contribute to the savings of lives and property. Everyday, older cars are being replaced by newer and safer cars on the highway. The new cars handle better and offer much more protection to the occupants in the event of collision. Highways are daily being improved, not only by construction of new or improved highways, but by pavement repairs and hazard removal. State and local traffic safety programs also continually educate and assist drivers.
These increasing safety conditions were reflected in a declining trend in accident rates on the study sections since 1971 before the 55 mph speed limit became effective. The 1971 overall accident rate was 194 accidents per hundred million vehicle miles; the 1972 rate was 169; that for 1973 was 158; and the 1974 rate was 139. These rates are plotted in Figure 6 . There can be little doubt but that at least some of the reduction in accident rates in 1974 from previous years can be attributed to the overall trend.
On the other hand, the reduction in fatality rates appears to be much greater than that which occurred because of the decreasing trend. Fatality rates for the study sections are plotted in Figure 7 . The rate for 1974, although it is probable the very low rate is partly a chance occurrence, probably was desirably affected by the 55 mph limit. senger vehicles on rural roads as found in this study were used in con junction with Claffey's data on the rate of gasoline consumption of the " average American car" in free-flowing traffic at different speeds.5
The analysis considered both changes in speeds and volumes. It has been estimated that three billion gallons of gasoline are being saved annually by the lower speed limits in the U.S.1 Reduced speed must share the credit for this gasoline savings, however, with reduced travel. For example, the savings of 55 million gallons estimated for Indiana primary highways by passenger cars was due to a reduction of travel (1974 from 1973) of 383 mpvm and an average improvement of 1.6 mpg. O f the 55 million gallon reduction, 40 percent (about 24 million gallons) was due to reduced travel.
C O N C L U S IO N S
This study has evaluated changes in speeds, traffic volumes, acci dent rates, and gasoline consumption on Indiana rural primary high ways. On the basis of the results obtained, the following conclusions are made relative to the 55 mph mandatory speed limit:
1. Average passenger vehicle speeds in free-flowing traffic decreased approximately 11 mph on rural interstate highways, 6 mph on other rural four-lane highways, and 5 mph on rural two-lane highways.
2. The 85th percentile speeds for passenger vehicles in free-flowing traffic decreased approximately 12 mph on rural interstate high ways, 8 mph on other rural four-lane highways, and 7 mph on rural two-lane highways.
3. Average heavy (over 5,000 pounds) truck speeds in free-flowing traffic decreased approximately 5 mph on rural interstates, 3 mph on other rural four-lane highways, and 2 mph on rural two-lane highways.
4. The 85th percentile speeds for heavy trucks in free-flowing traffic decreased around 7 mph on rural interstates, 5 mph on other rural four-lane highways, and 3 mph on rural two-lane highways.
5. Average speeds under a voluntary 55 mph speed limit decreased only about one-half as much as under a mandatory 55 mph limit. The 85th percentile speeds decreased only about one-third as much.
6. Average speeds of passenger cars and trucks were maintained at approximately the same speed when enforcement was maintained. W ithout enforcement average speeds showed an increasing trend.
7. Speeds of traffic on all types of rural highways are more uniform under the 55 mph than before it was imposed as a greater per centage of vehicles of each type are travelling in the highest 10 mph group.
8. Average daily volumes of traffic fell in the first half of 1974 by about 13 percent from a projected average daily volume from the three previous years and were 6.5 percent less than the volumes of the previous year.
9. Fatality accident rates on rural primary highways decreased in the first half of 1974 from the same period of 1971, 1972, and 1973 by about 67 percent, personal injury rates by around 32 percent, and property damage rates by approximately 13 percent.
10. Statistical evaluation of the decline in accident rates was sig nificant for each type of accident on each type of facility investi gated except for fatality accidents on interstate highways and for property accidents on all types of facilities.
11. The decrease in accident rates occurred under conditions of de creased speeds of travel, more uniform speeds of travel, de creased amounts of travel, and many other safety improvements. It was not possible to evaluate the contribution each of these factors made toward the decrease in accident rates but a trend analysis indicated other safety improvements to be most important for accidents and reduced speed to be most important for fatality rates. 
